breast cancer is similar to that found in men with prostate cancer. However, the predictors of interindividual variability in fatigue between these 2 cohorts were different. Implications for Practice: Diurnal variability and different predictors for morning and evening fatigue suggest different underlying mechanisms. The various predictors of fatigue need to be considered in the design of future intervention studies. F atigue is the most common and disruptive symptom reported by patients undergoing radiation therapy (RT).
1Y9
Despite major advances in RT techniques, fatigue remains a significant clinical problem. 9Y11 In fact, fatigue associated with RT occurs in approximately 80% of patients and has deleterious effects on their functional status and quality of life.
8,12Y14

Longitudinal Studies of RT-Induced Fatigue in Patients With Breast Cancer
Several studies have evaluated for changes in fatigue in women with breast cancer during the course of RT. 4, 15, 16 While the exact measurement times differed across these studies, in most cases fatigue severity ratings increased significantly from the beginning to the middle of RT and remained elevated from the middle to the end of RT. In the 7 studies that evaluated for changes in fatigue in women with breast cancer following the completion of RT, 17Y23 fatigue severity scores decreased to pretreatment levels within 4 to 8 weeks following the completion of treatment.
Predictors of RT-Induced Fatigue in Patients With Breast Cancer
The findings across the 7 studies that evaluated for predictors of RT-induced fatigue in women with breast cancer 16Y21,23 are inconsistent. For example, in 1 study, 16 fatigue severity scores were not associated with the stage of disease, type of breast cancer surgery, or pretreatment with chemotherapy (CTX). In contrast, Donovan and colleagues 15 found that women who received CTX prior to the initiation of RT reported higher fatigue severity scores that persisted throughout RT compared with women who had not received CTX. In another study, 17 while fatigue severity scores were not influenced by age, stage of disease, time since surgery, weight, or length of time since diagnosis, women with higher levels of psychological and symptom distress reported higher fatigue severity scores. This finding contrasts with that of Geinitz and colleagues, 23 who found no relationship between fatigue severity and anxiety and depression. In another study that examined factors that predicted fatigue severity at the end of RT, 19 younger age, higher level of education, increased level of treatment-related adverse effects, and living alone were associated with higher fatigue scores. In a study of women who underwent adjuvant treatment for breast cancer, 20 higher pretreatment levels of fatigue were associated with higher levels of mood disturbance, higher total network support, lower satisfaction with social support, lower morning cortisol, and higher levels of interleukin 1". No associations were found between fatigue severity scores prior to adjuvant therapy and age, income, educational level, stage of disease, type of surgery, or type of adjuvant therapy. Finally, in a recent study of fatigue in patients with breast cancer who underwent adjuvant therapy, 21 the magnitude and correlates of response shift in the measurement of fatigue were evaluated. Of note, clinically significant response shifts in ratings of fatigue did occur over time. Larger response shifts were found in women who reported higher pretreatment ratings of fatigue, in those who received CTX, and in those who reported lower fatigue catastrophizing scores.
Summary and Rationale for the Proposed Study
While the number of longitudinal studies of RT-related fatigue in women with breast cancer has increased, additional research is warranted because of the inconsistent findings across these studies. While some of these inconsistencies may be related to the measures used to assess fatigue, the timing of the measures, large variations in sample size, and/or the number and types of predictor variables tested, clinical experience and the findings reported, to date, suggest that a large amount of interindividual variability exists in patients' experiences of fatigue during and following RT.
Another factor that may contribute to the inconsistent findings is the time of day that fatigue was assessed. While diurnal variations in fatigue were reported in the general population, 24Y26 only 2 studies have assessed for diurnal variations in fatigue in oncology patients. 27, 28 In the only study of women with breast cancer, 27 their ratings of fatigue were compared with those of age-matched groups of healthy women and women with benign breast disease. While breast cancer survivors reported higher levels of fatigue relative to the other 2 groups of women, no group differences in the diurnal pattern of fatigue were evident. Fatigue scores were lowest at 10 AM and highest at 9 PM. An evaluation of diurnal variations in fatigue severity might provide insights into its etiology or mechanisms.
27Y29
In an attempt to overcome some of the limitations noted above, as part of a larger study of symptoms in patients who underwent RT and their family caregivers (FCs), evening and morning fatigue trajectories were evaluated in patients with prostate cancer 13 and in their FCs 30 using a more sophisticated method for longitudinal data analysis (ie, hierarchical linear modeling [HLM] ).
In this study, patients and their FCs were taught to complete the fatigue measure before going to bed each night (evening fatigue) and upon arising each morning (morning fatigue). Assessments were done prior to the initiation of RT, weekly during the course of RT, every 2 weeks for 2 months, and once a month for 2 months. While mean evening and morning fatigue scores were in the moderate range, a large amount of interindividual variability was found in the trajectories of morning and evening fatigue reported by both patients and their FCs. 13, 30 Younger men and those with higher levels of sleep disturbance reported higher levels of evening fatigue at the initiation of RT. In terms of predictors of the trajectories of evening fatigue, younger age, lower baseline levels of evening fatigue, and higher baseline levels of sleep disturbance were associated with the worst evening fatigue trajectory. In terms of morning fatigue, the 2 variables that predicted higher baseline levels of morning fatigue in these patients with prostate cancer were younger age and higher baseline levels of depression and sleep disturbance. In terms of predictors of the trajectories of morning fatigue, younger age, lower baseline levels of morning fatigue, and higher baseline levels of sleep disturbance and depression were associated with the worst morning fatigue trajectory. 13 In terms of the FCs, 30 the 2 predictors of higher baseline levels of evening fatigue were higher baseline levels of sleep disturbance in the FC and higher baseline levels of evening fatigue in the patient. Family caregivers with the worst evening fatigue trajectory were those who reported lower baseline levels of evening fatigue and higher baseline levels of sleep disturbance and who cared for a patient who reported higher baseline levels of evening fatigue. The 3 predictors of higher baseline levels of morning fatigue in these FCs were higher baseline levels of trait anxiety in the FC, lower baseline levels of family support, and higher baseline levels of morning fatigue in the patient. Family caregivers with the worst morning fatigue trajectory were those who reported higher baseline levels of anxiety and lower baseline levels of family support and who cared for a patient who reported higher baseline levels of morning fatigue.
Findings from these 2 studies suggest that diurnal variation exists in patients' and FCs' ratings of evening and morning fatigue, that evening and morning fatigue scores in both groups were in the moderate range, and that a large amount of interindividual variability exists in ratings of evening and morning fatigue. However, the predictors of baseline levels of evening and morning fatigue, as well as the predictors of changes in fatigue trajectories over time, were different between the 2 measures of fatigue, as well as between patients and their FCs. 13, 30 Based on these findings and because this type of longitudinal analysis is lacking in women with breast cancer, the purposes of this study, in a sample of women who underwent RT for breast cancer, were to examine how ratings of evening and morning fatigue changed from the time of simulation to 4 months after the completion of RT and to investigate whether specific patient, disease, and symptom characteristics predicted the initial levels of fatigue and/or characteristics of the trajectories of evening and morning fatigue.
n Methods
Participants and Settings
This analysis, drawn from the larger, descriptive, longitudinal study of symptoms in patients and their FCs, analyzed data from 73 women with breast cancer. Patients were eligible to participate if they were adults (918 years of age); were able to read, write, and understand English; had a Karnofsky Performance Status (KPS) score of 60 or higher; and were scheduled to receive adjuvant RT. Patients were excluded if they had metastatic disease or more than 1 cancer diagnosis or had a diagnosis of sleep disorder. They were recruited from RT departments located in a Comprehensive Cancer Center and a community-based oncology program. The study was approved by the Human Subjects Committee at the University of California, San Francisco, and at the second study site.
One hundred thirty-four patients with breast cancer were approached, and 73 consented to participate in this longitudinal study (54.5% response rate). The major reasons for refusal were being too overwhelmed with their cancer experience or too busy. No differences were found in any of the demographic or disease characteristics between patients who did and did not choose to participate in this study.
Study Instruments
The study instruments included a demographic questionnaire, the KPS scale, 31 the Lee Fatigue Scale (LFS), 32 the General Sleep Disturbance Scale (GSDS), 33 the Center for Epidemiological StudiesVDepression Scale (CES-D), 34 the Spielberg State-Trait Anxiety Inventories (STAI-S and STAI-T), 35 and a descriptive numeric rating scale (NRS) for worst pain intensity from the Brief Pain Inventory. 36 The demographic questionnaire provided information on age, marital status, years of education, living arrangements, ethnicity, and employment status. In addition, patients completed a checklist of comorbidities.
Fatigue severity was measured using the 13-item LFS. Each item is rated using a 0-to 10-point NRS, and a total score is calculated as the mean of the 13 items that can range from 0 to 10, with higher scores indicating higher levels of fatigue severity. Respondents were asked to rate each item based on how they felt Bright now,[ within 30 minutes of awakening (ie, morning fatigue), and before going to bed (ie, evening fatigue) for 2 consecutive days and nights. The LFS has been used with healthy individuals as well as in patients with cancer and HIV. 14, 33, 37 It was chosen for the current study because it is relatively short and easy to administer and has established cutoff scores for clinically significant levels of fatigue (ie, Q 3.2 for morning fatigue, Q5.6 for evening fatigue). The LFS has wellestablished validity and reliability. 32, 38 In the current study, the Cronbach !'s for the LFS for evening and morning ratings were .95 and .96, respectively.
The GSDS consists of 21 items that evaluate the various aspects of sleep disturbance. Each item is rated on a NRS that ranges from 0 (never) to 7 (every day), and the 21 items are summed to yield a total score that can range from 0 (no disturbance) to 147 (extreme sleep disturbance). A cutoff score of 43.0 or higher indicates a clinically significant level of sleep disturbance. The GSDS has well-established validity and reliability in shift workers, pregnant women, and patients with cancer and HIV. 14, 33, 39, 40 In the current study, the Cronbach ! for the GSDS total score was .81.
Trajectories of Fatigue in Patients With Breast Cancer
Cancer Nursing
The CES-D consists of 20 items selected to represent the major symptoms in the clinical syndrome of depression. Scores can range from 0 to 60, with scores of 16 or higher indicating the need for individuals to seek clinical evaluation for major depression. The CES-D has well-established concurrent and construct validity. 34, 41, 42 In the current study, the Cronbach ! for the CES-D was .83.
The STAI-T and STAI-S inventories consist of 20 items each that are rated from 1 to 4. The scores for each scale are summed and can range from 20 to 80. A higher score indicates greater anxiety. The cutoff scores for clinically significant levels of trait and state anxiety are 31.8 or higher and 32.2 or higher, respectively. The STAI-T measures an individual's predisposition to anxiety determined by his/her personality and estimates how a person generally feels. The STAI-S measures an individual's transitory emotional response to a stressful situation. It evaluates the emotional responses of worry, nervousness, tension, and feelings of apprehension related to how a person feels Bright now[ in a stressful situation. The STAI-S and STAI-T inventories have well-established criterion and construct validity and internal consistency reliability coefficients. 35, 43, 44 In the current study, the Cronbach !'s for the STAI-T and STAI-S were 0.86 and 0.91, respectively.
Worst pain was evaluated using a descriptive NRS that ranged from 0 (no pain) to 10 (excruciating pain). A descriptive NRS is a valid and reliable measure of pain intensity. 45 Because most patients in this study did not have pain, for the subsequent longitudinal analyses, pain was recoded as present or absent.
Study Procedures
At the time of the simulation visit (ie, approximately 1 week prior to the start of RT), patients were approached by a research nurse to discuss participation in the study. After obtaining written informed consent, they were asked to complete the baseline study questionnaires. Patients were taught to complete the LFS prior to going to bed each night (ie, evening fatigue) and upon arising each morning (ie, morning fatigue) for 2 consecutive days. Assessments were done at the time of the simulation visit (baseline), weekly during the course of RT, every 2 weeks for 2 months, and once a month for 2 months following RT. Most patients completed 16 assessments.
Data Analysis
Descriptive statistics and frequency distributions were generated on the sample characteristics and baseline symptom severity scores using SPSS version 15.0 (SPSS Inc, Chicago, Illinois). For each of the 16 fatigue assessments, a mean score for each of the LFS scores (ie, 2 consecutive assessments of evening and morning fatigue) was calculated for use in the subsequent statistical analyses.
Hierarchical linear modeling, based on full maximum likelihood estimation, was done using the software developed by Raudenbush and Bryk. 46 The repeated measures of fatigue were conceptualized as being nested within individuals. Compared with other methods of analyzing change, HLM has 2 major advantages. First, HLM can accommodate unbalanced designs, which allows for the analysis of data when the number and the spacing of the assessments vary across respondents. Although every patient was to be assessed on a prespecified schedule, the actual number of assessments was not the same for all of the patients because some patients had longer periods of RT and some had scheduling conflicts. Second, HLM has the ability to model individual change, which helps to identify more complex patterns of change that are often overlooked by other methods. 46, 47 With HLM, the repeated measures of the outcome variables (ie, evening and morning fatigue) are nested within individuals, and the analysis of change in fatigue scores has 2 levels: within persons (level 1) and between persons (level 2). At level 1, the outcome is conceptualized as varying within individuals and is a function of person-specific change parameters plus error. At level 2, these person-specific change parameters are multivariate outcomes that vary across individuals. These level 2 outcomes can be modeled as a function of demographic or clinical characteristics that vary between individuals, plus an error associated with the individual. Combining level 1 with level 2 results in a mixed model with fixed and random effects. 46, 48, 49 Separate HLM analyses were done to evaluate changes over time in ratings of evening and morning fatigue. Each HLM analysis proceeded in 2 stages. First, intraindividual variability in fatigue over time was examined. In this study, time, in weeks, refers to the length of time from the simulation visit to 4 months after the completion of RT (ie, 6 months with a total of 16 assessments). Three level 1 models, which represented that the patients' fatigue levels (a) did not change over time (ie, no time effect), (b) changed at a constant rate (ie, linear time effect), and (c) changed at a rate that accelerates or decelerates over time (ie, quadratic effect), were compared. At this point, the level 2 model was constrained to be unconditional (ie, no predictors), and likelihood ratio tests were used to determine the best model. These analyses answered the first research question and identified the change parameters that best described individual changes in evening and morning fatigue over time.
The second stage of the HLM analysis, which answered the second research question, examined interindividual differences in the trajectories of evening and morning fatigue by modeling the individual change parameters (ie, intercept, linear, and quadratic slopes) as a function of proposed predictors at level 2. Table 1 presents a list of the proposed predictors that was developed based on a review of the literature of fatigue in women with breast cancer who underwent RT.
15Y18,20Y23 To improve estimation efficiency and construct a model that was parsimonious, an exploratory level 2 analysis was done in which each potential predictor was assessed to see if it would result in a better fitting model if it alone was added as a level 2 predictor. Predictors with a t value of less than 2.0, which indicates a lack of a significant effect, were dropped from subsequent model testing. All of the potentially significant predictors from the exploratory analyses were entered into the model to predict each individual change parameter. Only predictors that maintained a significant contribution in conjunction with other variables were retained in the final model. A P G .05 indicates statistical significance.
n Results
Patient Characteristics and Symptom Severity Scores
The demographic, disease, and treatment characteristics of the 73 patients are presented in Table 2 . This sample of patients, with a mean age of 55 years, was well educated and had a KPS score of 87.7 and an average of 5 comorbidities, and 22% were caring for children at home. The most common comorbid conditions were allergies (58.6%), back problems (54.8%), headaches (44.4%), and hypertension (27.8%). Fifty-six percent had localized disease (stage I), while 44% had locally advanced (stage II or III) disease. Seventy-four percent of the patients had a breast-conserving surgery. Almost 50% had a lymph node dissection, and 55% had received CTX prior to RT. The mean baseline symptom severity scores for the 73 patients are listed in Table 2 .
Individual and Mean Change in Evening and Morning Fatigue
The first HLM analyses examined how evening and morning levels of fatigue changed from the time of the simulation visit to 4 months after the completion of RT. Two models were estimated in which the function of time was linear and quadratic. For both evening fatigue and morning fatigue, the goodness-of-fit tests of the deviance between the linear and quadratic models indicated that a quadratic model fit the data significantly better than did a linear model (both P G .0001).
EVENING FATIGUE
The estimates of the quadratic change model are presented in Table 3 (unconditional model). Because the model had no covariates (ie, unconditional), the intercept represents the estimated amount of evening fatigue (ie, 4.95 on a 0-to 10-point scale) at the time of the simulation visit. The estimated linear rate of change in evening fatigue, for each additional week, was 0.072 (P = .002), and the estimated quadratic rate of change per week was j0.002 (P = .009). The weighted combination of the linear and quadratic terms defines each curve. Figure 1 displays the trajectory for evening fatigue from the time of the simulation visit to 4 months after the completion of RT. Evening fatigue increased over the course of RT (ie, weeks 0Y9) and then declined after the completion of RT. It should be noted that the mean fatigue scores for the various groups depicted in all of the figures are estimated or predicted means based on the HLM analyses.
MORNING FATIGUE
As shown in Table 3 , in the unconditional model, the intercept represents the estimated amount of morning fatigue (ie, 2.9) at the time of the simulation visit. The estimated linear rate of change in morning fatigue, for each additional week, was 0.049 (P = .055), and the estimated quadratic rate of change per week was j0.003 (P G .01). Figure 1 displays the trajectory for morning fatigue from the time of the simulation visit to 4 months after the completion of RT. Morning fatigue decreased over the course of RT and then plateaud after the completion of RT.
Although the results indicate a samplewide increase followed by a decrease in evening fatigue and a gradual decrease in morning fatigue followed by a plateau, they do not imply that all patients exhibited the same trajectories. The variance in individual change parameters estimated by the models (ie, Figure 2 . These results suggested that further examination of interindividual differences in the individual change parameters was warranted.
Interindividual Differences in the Trajectories of Evening and Morning Fatigue
The second stage of the HLM analyses tested the hypothesis that the pattern of change over time in evening and morning fatigue varied based on specific person, disease, treatment, and/or symptom variables that were found to influence fatigue levels of patients who underwent RT for breast cancer. Exploratory analyses were done with the potential predictors listed in Table 1 . To improve estimation efficiency and construct models that were parsimonious, exploratory level 2 analyses were done in which each potential predictor was assessed to see if it would result in a better fitting model if it alone was added as a level 2 predictor. Predictors with a t value of less than 2.0, indicating lack of a significant effect, were dropped from subsequent model testing. All of the significant predictors from the exploratory analyses were entered into the models to predict each individual change parameter. Only predictors that maintained a significant contribution in conjunction with other variables were retained in the final models.
EVENING FATIGUE
As shown in the final model in Table 3 , the 2 variables that predicted interindividual differences in the intercept for evening fatigue were having children at home and baseline level of depressive symptoms. The variable that predicted interindividual differences in the slope parameters for evening fatigue was being employed.
To illustrate the effects of the 3 different predictors on patients' trajectories of evening fatigue, Figure 3 displays the adjusted change curves of evening fatigue that were estimated based on differences in having children at home (ie, children at home: yes or no), baseline level of depressive symptoms (ie, low CES-D/ high CES-D calculated based on 1 SD above and below the mean CES-D score), and work (ie, working or not working).
MORNING FATIGUE
As shown in the final model in Table 3 , the 4 variables that predicted interindividual differences in the intercept for morning fatigue were age, body mass index (BMI), trait anxiety, and sleep disturbance. The 2 variables that predicted interindividual differences in the slope parameters for morning fatigue were the number of comorbidities and stage of disease.
To illustrate the effects of the different predictors on patients' trajectories of morning fatigue, Figure 4 displays the adjusted change curves for morning fatigue that were estimated based on differences in age (ie, younger/older calculated based on 1 SD above and below the mean age of the patients), BMI (ie, low/high BMI calculated based on 1 SD above and below the mean BMI score), trait anxiety (ie, low/high trait anxiety calculated based on 1 SD above and below the mean STAI-T score), and baseline level of sleep disturbance (ie, low sleep/ high sleep disturbance calculated based on 1 SD above and below the mean GSDS score). Figure 5 displays the adjusted change curves for morning fatigue based on predictors of the slope parameters (ie, number of comorbidities, stage of disease).
n Discussion
The results of this study of women with breast cancer extend the findings on both interindividual and diurnal variability in fatigue initially reported in a group of prostate cancer patients who underwent RT. 13 Diurnal variability was evaluated in both studies to test the hypothesis that fatigue severity varies over the course of the day and may be influenced by different factors. Mean levels of morning (2.9) and evening (5.0) fatigue at the initiation of RT were in the moderate range. 50, 51 However, these levels of fatigue may be underestimations of the amount of fatigue women who are about to undergo RT experience because, among the 61 patients who declined to participate in this study, the primary reason cited was being too overwhelmed with the experience of cancer. In addition, these baseline levels of morning and evening fatigue were higher than those reported by men with prostate cancer at the initiation of RT (ie, 2.0 and 3.6, respectively). 13 The incremental increases in evening and morning fatigue in this sample as a whole were modest but consistent with previous reports. 4, 15, 16, 18, 23 However, the use of HLM, compared with more traditional statistical approaches (eg, repeated measures analysis of variance), provided evidence of a large amount of interindividual variability in baseline levels, as well as in the trajectories of evening and morning fatigue. In addition, these HLM analyses provide insights into which of these women with breast cancer were at an increased risk for more severe and prolonged fatigue trajectories.
The estimated mean evening fatigue scores at the time of the simulation visit ranged from 0.2 to 8.2, which spans the mild to severe range. 50, 51 Consistent with previous reports that evaluated the overall levels of fatigue during RT, 4, 15, 16, 18, 23 mean evening fatigue scores increased gradually during RT and gradually declined following the completion of RT (Figure 1 ). The predictors of baseline levels of evening fatigue included having children at home and higher CES-D scores. In addition, women who were employed showed a small but steady increase in evening fatigue over the 6 months of the study. As shown in Figure 2 A and B, patients who were caring for children at home and those who reported higher levels of depressive symptoms had evening fatigue scores at the initiation of RT that were above the clinically significant level of 5.6. 32, 51 While previous reports have not examined the impact of caring for children on women's level of fatigue during RT, the finding of increased fatigue in women who reported higher depression scores at the initiation of RT is consistent with 2 previous reports. 17, 20 However, the finding that being employed was a predictor of higher levels of evening fatigue is not consistent with a previous report that found that women who worked more hours reported lower fatigue severity scores. 22 This inconsistency warrants consideration in future studies.
Taking care of children and working may represent important lifestyle factors that contribute to the development of fatigue in women who are receiving RT for breast cancer. While these factors were not identified as predictors of evening fatigue in men with prostate cancer, 13 clinicians who care for women with breast cancer should assess for these factors and counsel patients about possible lifestyle modifications or the need for assistance while on treatment.
Estimated mean morning fatigue scores at the time of the simulation visit ranged from 0.0 to 7.5. In contrast to evening fatigue, morning fatigue scores decreased slightly during RT and then plateaud about 2 weeks after the completion of RT (Figure 1 ). The predictors of higher baseline levels of morning fatigue were younger age, higher levels of sleep disturbance and trait anxiety, and lower BMI. Both younger age and higher levels of sleep disturbance were predictors of baseline levels of morning fatigue in men with prostate cancer who underwent RT. 13 Of note, other cross-sectional studies of oncology patients have associated sleep disturbance 52Y54 and trait anxiety 55 with higher levels of average fatigue. At the time of the simulation visit, the mean sleep disturbance and anxiety scores were above the cutoffs for clinically significant levels of these 2 symptoms. 35, 51, 56 In addition, as shown in Figure 3 C and D, patients with higher levels of trait anxiety or sleep disturbance had morning fatigue scores at the initiation of RT that were above the clinically significant level of 3.2. 32, 51 These findings suggest that clinicians need to assess not only for fatigue but also for anxiety and sleep disturbance in patients with breast cancer who undergo RT.
In terms of BMI being a predictor of baseline levels of morning fatigue, 4.1% of the women in this study were underweight, and 37.8% had a BMI within the reference range. This finding warrants additional investigation because the data on the relationship between BMI and fatigue are inconclusive. 18, 57, 58 The predictors of the trajectories of morning fatigue were comorbidity and stage of disease. A higher number of comorbidities was associated with higher levels of fatigue, which confirms findings from one study. 52 While pretreatment with CTX was associated with higher levels of fatigue in some studies, 15, 21 but not in others, 16 it was not a predictor of morning or evening fatigue in this study. However, in this study, the advanced stage of disease may be a proxy for a higher level of treatment burden and/or an independent disease-related predictor of higher levels of fatigue. All of these predictors warrant investigation in future studies.
Diurnal variability in and different predictors for evening and morning fatigue suggest that different factors and different mechanisms underlie the development of fatigue. While morning fatigue appears to be more affected by biologic factors, evening fatigue appears to be more affected by behavioral factors. These data suggest that different interventions may be needed to reduce diurnal variations in fatigue.
Different predictors for fatigue were found for this cohort of women with breast cancer compared with a cohort of patients with prostate cancer who underwent RT. 13 The patients with prostate cancer were more homogeneous in their clinical characteristics. All of these patients had a localized prostate cancer, a low Gleason score, and a similar treatment history. The patients with breast cancer were more heterogeneous in terms of their disease stage and treatment history. These between-group differences may explain why a number of biologic factors were related to fatigue in the breast cancer cohort but not in the prostate cancer cohort. While these findings warrant replication, they suggest that interventions for fatigue may need to be individualized based on the patient's cancer diagnosis, as well as on personal and clinical characteristics.
Some limitations of this study include the relatively small sample size and the fact that most of the study participants were white and highly educated, which might limit the generalizability of the findings. The strengths of this study include the collection of longitudinal data on the trajectories of fatigue and the use of HLM to identify predictors of fatigue. The identification of factors that influence the development of fatigue may assist clinicians to identify patients at highest risk for the development of this deleterious symptom. In addition, these factors may be used in the development of intervention studies for cancer-related fatigue. However, additional research is warranted, with larger samples, to fully characterize those phenotypic and genotypic characteristics that influence patients' experiences of fatigue during RT.
